INTRODUCTION
Oceans have been over-exploited for decades, mainly through industrial-scale fishing (Pauly et al. 2002; Worm et al. 2009 ), and to date 80 per cent of the world's fish stocks are either fully or over-exploited (Food and Agriculture Organization 2009) . Since 1992, the Convention on Biodiversity required the protection of 10 per cent of all marine areas, to reach the same target as for terrestrial environments. Although numbers of marine protected areas (MPAs) have increased, less than 0.7 per cent of the world's seas are as yet under protection (Wood et al. 2008) , and most protected areas are coastal (Game et al. 2009 ). Sedentary fish populations and benthic organisms benefit from MPAs (Lester et al. 2009 ), as to some extent do more mobile fishes (Apostolaki et al. 2002) . Furthermore, export effects of MPAs benefit biodiversity and fisheries in adjoining areas (White et al. 2008) . Many top predators are threatened through direct exploitation, mortality on fishing gear and competition with fisheries. As these predators play pivotal roles in the stability and resilience of ecosystems, their loss can trigger cascading effects that disrupt entire ecosystems (Baum & Worm 2009 ). MPAs are often promoted as beneficial to top predators (Louzao et al. 2006; Frederiksen et al. 2008 ), but to date their effectiveness in this regard remains unclear. Moreover, such predators often rely on highly mobile prey, undergoing large-scale movements. In these situations, it is predicted that only very large MPAs may benefit them (Frederiksen et al. 2008; White et al. 2008) .
African penguins (Spheniscus demersus), endemic to Southern Africa, have decreased by 90 per cent during the twentieth century, and between 2004 and 2008, the population halved to less than 26 000 pairs, the lowest value yet recorded (Crawford et al. 2008) . Their survival and breeding success are closely tied to the availability of pelagic sardines (Sardinops sagax) and anchovies (Engraulis encrasicolus) within 20-30 km of their breeding sites (Pichegru et al. 2009 ). During their life, these fish can cover large distances (over hundreds of kilometres, Barange et al. 1999) . Off South Africa's west coast, where many seabird colonies are located, these fish stocks have decreased markedly during the last decade, owing to changing environmental conditions and a lack of spatial management of the competing purse-seine fishery. Heavy fishing pressure persists in areas with low fish abundance because of the distribution of land-based processing plants (Pichegru et al. 2009 ).
In January 2009, a 20 km radius area was closed to purse-seine fishing around the world's largest African penguin colony at St Croix Island, Algoa Bay (the 'treatment', figure 1). The waters around Bird Island, another penguin colony 50 km away within the same bay, remained open to fishing (the 'control'). Historically, most pelagic fish catches by the industry in Algoa Bay occurred around St Croix Island (Pichegru et al. 2009 ). By studying the foraging behaviour of adult penguins raising chicks at both sites before and after the closure to fishing, we tested whether a relatively small no-take zone could benefit breeding penguins relying on pelagic prey.
MATERIAL AND METHODS
The foraging behaviour of adult penguins raising chicks of one to three weeks old was studied at St Croix Island (33848 0 S, 25846 0 E, the 'treatment colony') and at Bird Island (33850 0 S, 26817 0 E, the 'control colony'), before and after closure to fishing, in May-June 2008 and April-May 2009. The positions of purse-seine vessels were monitored constantly via satellite telemetry, ensuring compliance within the experimental closure. African penguins share the care of their brood of one or two chicks between March and August, with typically one adult attending the nest when the partner is at sea. Birds were equipped with GPS-TD loggers (a global positioning system recorder combined with a time-depth recorder; GPS-TD 96 Â 39 Â 26.5 mm; earth&OCEAN Technologies, Germany), which record latitude and longitude at 1 min intervals to an accuracy of less than 10 m, and depth at 1 s intervals to the nearest 0.1 m. The devices weighed less than 2.5 per cent of adult body mass and were housed in streamlined fibre-composite containers. They were attached to the penguins' lower back feathers with waterproof tape, causing no damage to the plumage. Handling lasted less than 6 min from capture to release, and these methods were approved by University of Cape Town's animal ethics committee. After deployment, nest sites of instrumented birds were monitored until the adult carrying the GPS returned, allowing it to be recaptured and the logger removed. Previous studies showed no significant difference in the foraging behaviour of instrumented versus control African penguins (Petersen et al. 2006) . This was confirmed in 2008 on St Croix Island, where adults at control nests with chicks of similar age were marked without being handled, using biocompatible dye, and had their foraging trip durations recorded. Handling and instrumentation did not affect the duration of foraging trips (control birds: 22.7 + 3.1 h, n ¼ 9, H ¼ 0.76, p ¼ 0.383).
On retrieval of the devices, trip duration, path length, maximum distance from the colony and diving effort were calculated in order to compare foraging effort at each island between years (before and after closure) and between islands (treatment versus control) using general linear models (GLMs). Each parameter (trip duration, path length, maximum distance from the colony and diving behaviour) was tested as an explanatory variable, while year or colony were taken as dependent factors. Data were only recorded for a single foraging trip per bird to avoid pseudo-replication. There was no difference in brood size between nests across years or colonies (GLM with brood size as the explanatory variable, year and colony as dependent factors, colony: F 1,90 ¼ 0.61, p ¼ 0.54; year: F 1,90 ¼ 0.08, p ¼ 0.78), so the data from nests of different brood size were pooled.
A GPS position was associated with each feeding dive (.3 m and diurnal, as defined by Wilson & Wilson 1990) . Technical failures of the devices (no GPS positions or no dives recorded) decreased the sample of complete foraging trips where a GPS position could be attributed to each feeding dive. However, all other data were used for the calculation of foraging and diving effort. Adaptive kernel analyses were conducted using ARCVIEW GIS 3.1 with the smoothing factor chosen according to the least-squares-cross-validation method (Worton 1989) to estimate contour levels covering 50-75 -90% of the foraging locations. (table 1) . Treatment birds shifted their core feeding zones, from located mostly (75% of their feeding dives) outside the closure area in 2008, to concentrated within this area in 2009 (.70% of their feeding dives) (figure 1). The main feeding locations of birds from the control island were similar between years (figure 1). Breeding African penguins expend 207 kJ h 21 while foraging (Nagy et al. 1984) and 52 kJ h 21 sitting on the nest or resting on land. Therefore, a reduction of 5.4 h at sea represents a potential approximate energy saving of (207 2 52) Â 5.4 ¼ 837 kJ per foraging trip, i.e. 43 per cent of their daily energy expenditure (1945 ( kJ, Nagy et al. 1984 .
RESULTS

DISCUSSION
Our findings strongly suggest that even relatively small no-take zones can benefit penguins. Within three months of closure, breeding African penguins decreased their foraging effort by 25 -30% and their daily energy expenditure by approximately 43 per cent, shifting their core foraging areas from outside to within the area closed to fishing ( figure 1 and  table 1 ). At the same time, foraging effort at an adjacent colony increased, possibly linked to displacement of effort from the MPA area. Even if other factors may have influenced these changes in the penguin's behaviour (e.g. natural changes in productivity or currents), our data suggest that purse-seine fishing had a significant negative effect on penguin foraging behaviour. Therefore, stopping the local harvest of mobile small pelagic fishes, even over a small zone, may benefit African penguins, which responded rapidly to such a change in their environment. Penguin species generally show flexible foraging behaviour across sites and seasons (e.g. Deagles et al. 2008) . African penguins have evolved to cope with the highly dynamic Benguela upwelling ecosystem and associated variability in the spatial-temporal occurrence of pelagic prey at the end of the last glaciation. Although none of the diving parameters for African penguins differed between years or colonies in our study (table 1) , they demonstrated flexibility in time spent at sea and distance travelled over their foraging trip (table 1 and figure 1). Such behavioural plasticity allowed them to respond rapidly and positively to the consequences of released fishing pressure on pelagic fish stocks, confirming their potential value as marine sentinels (Boersma 2008) .
Conservation benefits from MPAs can be controversial because MPAs vary greatly in their levels of protection and compliance, leading to occasional 'paper parks' (e.g. Guidetti et al. 2008 ). This could be especially true in the offshore environment where reserves are challenging to design, because of the mobility of the pelagic species (Game et al. 2009 ), and it is often thought that these reserves should be large to ensure efficiency, consequently being expensive to monitor and to maintain (Sumaila et al. 2007) . Here, we show that appropriately designed MPAs can benefit threatened top predators, even those that rely on mobile prey over a small area. That this value can be demonstrated is a major conservation step because designing MPAs to protect the habitat of predators with relatively small foraging ranges allows limiting the areas closed to fisheries, minimizing stakeholder conflicts and easing compliance. In this prospect, penguins could be an adequate model species to protect, thanks to their general charisma and restricted foraging range during the breeding season (Pichegru et al. 2009 ). Protecting their habitat would nevertheless act as an umbrella and protect entire ecosystems within these foraging ranges (Roberge & Angelstram 2004) , while possibly benefiting the human communities close to the colony (e.g. Skewgar et al. 2009 ). Despite their preliminary nature, our results strongly encourage this strategy, and support the creation of further MPAs for oceanic top predators.
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